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Resume
The study object is a prototype of a composite bridge prestressed concrete 
beam with a length of 42.0 m for road bridge desks for perception of impact 
from motor vehicles in the form of A14, NK-120 and NK-180 loads.
The experimental deflection of the beam in the midspan had a value equal 
to fexp = 62.4 mm at a load of 2Pк = 436 kN, which was 75.2% of the control 
deflection value.
Based on the test results, the girder block joints with "tooth" and "notch" 
device are found to be imperfect.
The experimental load of 2PMAX = 822.7 kN was achieved during the tests, 
which exceeded the control load equal to 2Pк = 744 kN when checking the 
strength of the composite beam and the control load equal to 2Pк = 790 kN 
when checking the strength of No. 1 and No. 2 joints.
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Figures 4 and 5 show respectively No. 1 and No. 
2 joint zones for joining the middle segment with two 
end segments. There is a shear key with a “tooth” and a 
“cutout” for the formation of a dowel in the middle part 
of the depth of these segments. Cutouts in the blocks 
edge to form monolithic reinforced concrete dowels are 
shown in Figures 4 and 5. The concrete strength class 
of dowels was adopted as equal to B30 according to the 
project [2].

Before joining, the composite beam segments have 
been installed on a specially made conductor - slipway 
and K-7 strands have been pulled through the ducts. 
Figure 6 shows a general view on the end face of the end 
segments with K-7 strands laid in channel formers.

2 	 Materials and methods 

Testing of the bridge girder was conducted at the 
Almaty Bridge Structures Plant (hereinafter AZMK).

The composite beam blocks have been joined to 
each other in the conductor-slipway by tensioning of 
prestressing tendons. Layers of BASF (Concresive 1420) 
epoxy based two-component adhesive have been applied 

1	 Introduction 

The prototype of a composite beam consists of three 
segments - two outer and one middle (Figures 1, 2, 3). 
The length of the outer blocks is 14000 mm each. The 
middle segment has the shape of inverted trapezoid - the 
block has a length of 14010 mm at the top and 14000 mm 
at the bottom.

The composite beam blocks have a T-section with a 
widened part at the bottom in the transverse profile to 
place prestressing tendons.

The concrete strength class of the beam blocks is 
adopted B40 in accordance with the project.

Tendons consists of K-7 seven wire strands with a 
diameter of 15 mm from Beloretsk Metallurgical Plant, 
with increased physical and mechanical characteristics 
in comparison with the characteristics given in the 
normative document [1]. Technical requirements, have 
been adopted as prestressed reinforcement. Six tendons 
have been adopted when reinforcing the composite 
beam with prestressing tendons, where each tendon 
consists of seven K-7 strands. The controlled force due 
to prestressing was assumed to be equal to 1292 kN in 
accordance with the project.
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Figure 1 General data, segment layout scheme and the position of prestressing tendons

           
Figure 2 Dimensions of the girder and initial data of the outer segment

Figure 3 Dimensions of the girder and initial data of the middle segment
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Figure 4 No. 1 adhesive joint zone (the end segment on the left in the picture): a) there is a “tooth” and a “cutout”  
for the formation of a dowel in the middle part of the height of blocks; b)”cutouts” are placed in the upper zone  

of the blocks edges, to form a monolithic dowel

Figure 5 No. 2 adhesive joint zone (the middle segment on the left in the picture): there is a “tooth” and a “cutout” for the 
formation of a dowel in the middle part of the height of segments, b)”cutouts” are placed in the upper zone of the segment 

edges, to form a monolithic dowel
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The remaining four tendons have been further 
tensioned for the next day after the adhesive has been 
cured and the tension sequence was observed the same 
- the third tendon was tensioned first when counting 
from the top to bottom. The last tendons of the lower row 
of the prestressed reinforcement have been tensioned. 
Seven K-7 strands that are part of one tendon have 
been anchored after the tensioning of each prestressing 
tendons. (Figure 8).

to the joint surfaces of the blocks (No. 1 and No. 2 
joints) before tensioning of the bundles of prestressed 
reinforcement [3-9].

The upper tendon has been tensioned using DN-7 
hydraulic jack after applying the adhesive to the joint 
surfaces of the blocks (Figures 7 and 8). Then the second 
bundle has been tensioned when counting from the top 
to bottom according to the sequence adopted in the 
project.

Figure 6 General view of the end face of the outer segments 
with K-7 strands laid in channel formers, a hydraulic 

jack is installed at the top for tensioning the upper due to 
prestressing tendons

Figure 7 Tension of the upper tendon made of K-7 Ø15 
strands

Figure 8 K-7 Ø15 anchored strands of the upper tendon

Figure 9 Missing contact of the segment heads of 42.0-m-
long composite beam in No. 1 adhesive joint zone after the 

tension of the prestressing tendons

Figure 10 The fittings designed for injecting grout are shown  
at the end of the composite beam
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manufacturing of the formwork end panels.
At the next stage of work, after the tendon 

tensioning, the grout was injected into the ducts and 
then two monolithic dowels were concreted, one of which 
is shown in Figure 9. The grout has been injected into 
the ducts through the fittings installed at the end of the 
end segments (Figure 10).

Longitudinal and inclined cracks have been formed 
in the concrete of the middle and end segments in No. 1 
and No. 2 joints zones during the tendon tensioning due 
to manufacturing of the blocks’ joint surfaces (Figures 
11, 12). The cracks formed in the concrete of the middle 
and extreme blocks during the tensioning of the bundles 
of prestressed reinforcement revealed the deficiencies of 
the proposed structural concept of the joint.

Quite strict requirements have been imposed on 
the formwork shapes regarding the accuracy of its 
manufacture in accordance with the project requirements. 
According to the project, the manufacturing tolerances 
of the end panels of the block formwork should have 
been such that the exact contact of the joined planes of 
the combined blocks is ensured and the imperfection of 
their contact should have been no more than ± 1 mm, 
which is not possible in the manufacture of reinforced 
concrete structures.

Figure 9 shows the ends of the outer or end and 
middle segments of the composite beam in No. 1 
adhesive joint zone after the tensioning of the tendons. 
As can be seen from Figure 9, there is a loose contact 
of the segment joint surfaces as a result of inaccurate 

a) b)

Figure 11 Cracks formation in blocks concrete in the monolithic insert zone after stressing of 42.0-m-long composite beam 
by tendons: the southern side of No. 1 adhesive joint; b) the northern side of No. 1 adhesive joint

a) b)

Figure 12 Cracks formation in blocks concrete in the monolithic insert zone after stressing of 42.0 m-long composite beam 
by tendons: the southern side of No. 1 adhesive joint; b) the northern side of No .1 adhesive joint
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bottom, including the weight of the loading devices. The 
outline has a shape of a curve close to a parabola [10].

A computational and analytical check was also 
performed. 

Table 1 shows the results of the calculation of the 
beam bending.

The actual strength of the girder concrete has 
been determined prior to testing of the beam. The 
concrete strength has been assessed by the shock 
pulse monitoring using IPS-MG4.03 electronic concrete 
strength meter, developed by “SKB Stroypribor” LLC 
(Chelyabinsk, Russia). The concrete strength has been 
assessed in accordance with [11] and [12] requirements.

Table 2 shows the processing  results of the 
experimental values of concrete strength.

The experimental concrete strength class in 
composite beam blocks on the test day according to 

3	 Result and discussion 

3.1 	Preparation for beam testing

An instrumental survey of the composite beam 
bottom has been conducted using the geodetic tools in 
order to determine camber of the beam. The instrumental 
survey has been conducted using the C3030 SOKKIA 
level and a surveying rod, staff.

The experimental hogging in 42.0 m-long composite 
beam midspan was 69.0 mm and taking into account the 
weight of the loading devices - 64.0 mm. The calculated 
camber in the beam midspan, determined taking into 
account the increased characteristics of K-7 strands, 
was 64.5 mm. The difference between the calculated and 
experimental camber in the beam midspan was 4.5 mm. 
Figure 13 shows the diagram of the outline of the beam 

a)

b)
Figure 13 Diagram of camber of 42.0 m-long composite beam (a) and the outline of its bottom surface, including the 

weight of the loading devices (b)

Table 1 Calculation results of beam bending

Calculation of bending Designation Value Measurement unit 

1 Girder deflection caused by prestressing                        
force 1/ρв 6.57 10-7 mm-1

2 Girder deflection due to the action of self-weight fсв 74.9 mm

3 Calculated beam deflection in the midspan section or 
centre f2 64.5 mm

Table 2 Concrete strength data

Structure 
name 

Number of 
experimental 
unit values, n

Average value 
of concrete cube 

strength Ṝ

Standard 
σ, 

MPa

Coefficient of 
variation,

v

Student’s 
coefficient,

t’ st 

Experimental 
concrete class,

 B

End segment 
block No. 1 22 57.59 8.72 0.151 1.72 42.58

Middle block 
No. 2 22 55.03 6.67 0.126 1.72 41.56

Extreme 
block No. 3 22 58.35 8.13 0.139 1.72 44.37
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3.2	 Beam tests

The purpose of the tests was to conduct control 
tests of 42.0 m-long composite beam. It was necessary to 

the standard classification, corresponds to the nearest 
smaller class. The compressive strength of the concrete 
in the extreme blocks corresponded to C40/50 strength 
class and in the middle block to C55/67 class [13].

Figure 14 Fragment of a 42.0 m long composite beam with mounted deflectometers  
and clock type indicators

Figure 15 The composite beam scheme with a length of L=42.0 m with loading and mechanical devices  
(CG3, CG3*, CG4 and CG4* indicators in N1 and N2 adhesive joints zones are conditionally not shown):  

 - (D1-D4) deflectometers;  3  - (CG1-CG2) mercer clock gauges
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schedule of the hydraulic jack and the pressure gauge.
Figure 15 shows 42.0 m-long composite beam 

scheme with loading and mechanical devices installed 
on the experimental structure. The weight of the loading 
devices was 49.7 kN. The estimated length of the 
prototype adopted in the tests was 41.2 m, i.e. the 
axes of the supporting parts were located at a distance 
equal to 0.4 m from the ends of the end segments of the 
composite beam. The experimental load on the prototype 
was transmitted through the traverse beam in the form 
of two concentrated forces P in the middle part of the 
composite beam at a distance of 5.0 m from its midspan 
section or centre. 

Mercer clock gauges with 0.001 and 0.01 mm 
readings have been installed in joints zone to assess 
the stress-strain state in the No. 1 and No. 2 adhesive 
joints and the possibility of fixing the opening of 
joints during loading of the beam (Figure 16). Table 
3 presents data on the location of the mercer clock 
gauges of joints 1 and 2 of the composite beam  
L = 42 m.

conduct an experimental verification of the compliance 
of the actual strength and stress-strain properties of 
42.0 m-long composite beam with the design data, 
according to the test program.

The failure load value during the load test (the 
ultimate limit states) and deflections values and the 
width of the cracks under imposed loads during the 
tests for stiffness and crack resistance (serviceability 
limit states) are determined according to the test results 
[14-18].

Figure 14 shows a general view of the 42.0 m long 
composite beam in the load bench during the testing.

Control tests of 42.0 m-long composite beam have 
been carried out according to the scheme provided for in 
the design documentation before the start of the mass 
production of these beams.

A power plant which included HJ200P300 hydraulic 
jack with a lifting capacity of 2000 kN, a load cell, high-
pressure hoses and a manual pumping station have been 
used to create and control the vertical load value during 
the beam testing. The Appendix shows the calibration 

Figure 16 Scheme of dial indicators locations in the joint zones 1 and 2: mercer clock gauges CG3 and CG4 - with  
a graduation of 0.001 mm; CG3 * and CG4 * - with a graduation of 0.001 mm

Table 3 data on the location of the mercer clock gauges of joints 1 and 2 of the composite beam L = 42 m

Distance Mercer clock gauges base

CG3*,  mm CG3,  mm CG4*,  mm CG4,  mm

110 110 110 92

a - -45 - -70

b - -80 - -55

c 75 - 30 -
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3.2	 Crack resistance of beam

The crack resistance of No. 1 and No. 2 joints and 
the crack resistance of the composite beam concrete have 
been assessed at the second stage of the tests.

Figures 18-22 show deflection charts in 42.0 m-long 
composite beam, recorded by deflectometers [21].

Cracks should not form in No. 1 and No. 2 joints 
with a control load of 2Pк = 536 kN according to 
the project. Brittle cracking of adhesive composition 
and, accordingly, opening of No. 1 joint began at an 
experimental load equal to 2P = 143.7 kN. It should 
be noted that the cracking process of the epoxy based 
adhesive composition in No. 1 joint was perceived 
by ear. Due to the loose connection of the joined end 
surfaces of the middle and extreme blocks in No. 1 
joint, the adhesive had a significant thickness, which 
was the reason for early crack formation in this joint  
[22-25].

When considering the charts presented in Figures 
18-22 and 23 (CG3 indicator with 0.001 mm reading), it 
is clear that, slope of curves occurs at an experimental 
load of 2P = 143.7 kN, which also indicates the formation 
of a crack in No. 1 joint. There was a further opening 
of No. 1 joint during the subsequent loading of the 
composite beam.

Figure 24 shows opening chart of No. 2 joint during 
the loading of a composite beam with experimental load. 
From consideration of this chart it can be seen that 
opening of No. 2 joint began only with an experimental 
load of 2P = 582.7 kN, which was recorded by CG4 
mercer clock gauge with 0.001 mm reading.

The crack resistance of the composite beam concrete 
has also been evaluated along with the crack resistance 
assessment of No. 1 and No. 2 joints. The first crack 
formation in the concrete of the composite beam middle 
block has been recorded at a load of 2P = 432.2 kN 
during the tests. It was speculated that the reason 
for the early crack formation in the concrete of the 
composite beam middle block was an imperfection of the 
structural concept for No. 1 and No. 2 joints [18, 26-27].

Additional cracks have been formed in the concrete 
of the composite beam during the further loading of 
the composite beam with an experimental load. The 
maximum crack opening measured using a Brinell 
microscope did not exceed the value of acr = 0.1 mm at a 
load of 2P = 499.7 kN.

The crack opening width in No. 1 joint, fixed by the 
CG3 indicator, located on the composite beam side at a 
distance of 45 mm from its lower face, was acr = 0.7 mm 
at a load of 2P = 527.7 kN. And the fixed crack opening 
width, fixed by CG3* indicator, located on the same side 
face at a distance of 155 mm from its lower face was  
acr = 0.6 mm.

The fixed crack opening width in No. 2 joint, fixed by 
the CG4 indicator, located on the side face at a distance 
of 92 mm from the lower face of the composite beam, was 
acr =0.003 mm at a load of 2P = 582.7 kN.

The settlement of supports was controlled using the 
mercer clock gauges with 0.01 mm readings.

The category of crack resistance requirements for 
the composite beam is - 2b, according to Table 39 * [19], 
which allows crack opening in the beam concrete up to 
0.15 mm.

Values of the control loads have been determined when 
testing the composite beam for strength, crack resistance 
and stiffness in accordance with the project. The test 
loads of the girder strength test have subsequently been 
corrected. In the final form, the control loads when beam 
testing have been taken as follows:
1. 	 When testing for strength: 
•	 the composite beam strength must be ensured when 

the load value 2Pк = 744 kN is reached;
•	 No. 1 and No. 2 joints strength must be ensured 

when the load value 2Pк = 790 kN is reached.
•	 2. When testing for the crack resistance:
•	 there should be no cracks in No. 1 and No. 2 joints 

when the load value 2Pк = 536 kN is reached;
•	 crack widths in the composite beam in the midspan 

should not exceed the value of aк = 0.15 mm, when 
the load value of 2Pк = 534 kN is reached.

3. 	 When testing for stiffness:
•	 the deflection in the composite beam midspan 

should not exceed the value equal to fк = 83 mm 
when the load value 2Pк = 436 kN is reached.
The side surfaces of the middle block of the composite 

beam have been additionally covered with a thin layer 
of lime to control the moment of the crack formation. 
The crack width has been determined using a Brinell 
microscope. 

The load has been applied to the composite beam in 
stages. Readings have been taken from deflectometers 
and mercer clock gauges after each stage of loading.

3.3	 Test results of 42.0 m-long composite beam 

3.3.1 Deformability of beam 

The stiffness can be assessed by comparing the 
actual deflection of the beam under the control load in 
the beam midspan with the control deflection value in 
accordance of [20].

The stiffness of the composite beam has been 
assessed at the first stage of the tests. The experimental 
deflection of the composite beam in the midspan should 
not exceed the control deflection value equal to fк = 83 
mm with a control load of stiffness equal to 2Pк = 436 
kN. Figure 17 shows the deflection charts in the beam 
midspan, recorded by P7 and P8 deflectometers. The 
experimental deflection in the composite beam midspan 
had a value equal to fexp = 62.4 mm, which was 75.2 % of 
the control deflection when the control load was reached 
equal to 2Pк = 436 kN.

The prototype beam meets the project requirements, 
[19] and [20] normative documents in terms of stiffness.
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been monitored during the tests. No displacement 
(pulling) of the bundles of the stressed reinforcement 
relative to the pilot design concrete has been detected at 
all the stages of the composite beam loading.

4	 Conclusions

1. 	 The composite prestressed concrete bridge beam 
with a length of 42.0 m is manufactured at «AZMK» 
(Almaty, Kazakhstan) production base.

2. 	 The control load when checking the composite 
beam for stiffness is 2Pк = 436 kN. The control 
deflection of the composite beam should not exceed 
the value equal to fк = 83.0 mm at this load. The 
experimental deflection of the beam in the midspan 
had a value equal to fexp = 62.4 mm at a load of 2Pк 
= 436 kN, which was 75.2 % of the control deflection 
value. The composite beam meets the project 
requirements, [19] and [20] bridge standards in terms  
of stiffness.

3. 	 The control loads when checking the composite 
beam joints and concrete for crack resistance had 
the following values:

3.3.3 Strength of composite beam 

The strength of the composite beam has been 
monitored at the last, third stage of the tests. The 
strength of No. 1 and No. 2 joints and the composite 
beam itself have been assesses during the tests in 
accordance with the project.

The control load when assessing the strength of the 
composite beam was 2Pк = 744 kN and the control load 
when assessing the strength of No. 1 and No. 2 joints 
was 2Pк = 790 kN according to the project.

The failure load of 2PMAX = 822.7 kN was achieved 
during tests which exceeded the control load equal to  
2Pк = 744 kN when checking the strength of the 
composite beam and the control load equal to 2Pк = 
790 kN when checking the strength of No. 1 and No.  
2 joints.  

The increase nature in deflection charts in composite 
beam (Figure 17) and assessment of its stress-strain 
state testified that it did not achieve the limit state and 
the pilot design had provisions for the bearing capacity 
[28].

The possible displacement of the prestressing 
tendons relative to the composite beam concrete has 

Figure 17 Load-deflection diagram at the section D7 and 
D8 deflectometers

Figure 18 Load-deflection diagram at the section D10 and 
D4 deflectometers

Figure 19 Load-deflection diagram at the section D6 and 
D9 deflectometers

Figure 20 Load-deflection diagram at the section D3 and 
D12 deflectometers
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beam for strength, had the following values:
•	 the composite beam flexural resistance shall be 

ensured when the load value 2Pк = 744 kN is 
reached;

•	 No. 1 and No. 2 joints flexural resistance be ensured 
when the load value 2Pк = 790 kN is reached.
The experimental load of 2PMAX = 822.7 kN was 

achieved during the tests which exceeded the control 
load equal to 2Pк = 744 kN when checking the bending 
capacity of the composite beam and the control load 
equal to 2Pк = 790 kN when checking the bending 
capacity of No. 1 and No. 2 joints.

The composite beam meets the project requirements, 
[19] and [20] bridge standards in terms of strength.  

•	 cracks should not form in the joints when the load 
value 2Pк = 536 kN is reached;

•	 the crack opening in the composite beam concrete 
should not exceed the value of aк = 0.15 mm when 
the load value 2Pк = 534 kN is reached.
The early crack formation in No. 1 joint of the pilot 

design at a load of 2P = 143.7 kN revealed shortcomings 
in the structural concept of the composite beam block 
joints. The results of the control tests when assessing 
the crack resistance of the prototype showed that the 
adopted structural concept for the composite beam block 
joints with the “tooth” and “cutout” was recognized as 
imperfect.
4.	 The control loads, when checking the composite 

Figure 21 Load-deflection diagram at the section D2 and 
D13 deflectometers

Figure 22 Load-deflection diagram at the section D1 and 
D14 deflectometers

Figure 23 Diagram Force - joint opening in No. 1 joint

Figure 24 Opening in No. 2 joint zone
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